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CONVERS

For use of readers who prefer to
rather than the inch-pound units used|
factors may be used:

[ON FACLORS

use metric (International System) units,
in this report, the following conversion

Multiply inch-pound unit By To obtain metric unit
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
square mile (miz) 2.590 square kilometer (km2)
inch per year (in/yr) 25.4 millimeter per year (mm/yr)
foot per day (ft/d) 0.3048 meter per day (m/d)
cubiec foot per second (ft3/s) 0.02932 cubic meter per second)

| (m3/s)
Temperature 1in degrees Fahrenheit (OF) can be converted to degrees Celsius
(°c) as follows:

o o
C = 5(7F-32)/9

Sea level: 1In this report "sea level" refers to the National Geodetic

Vertical Datum of 1929 (NGVD of 1929)-
ad justment of the first-order level n¢
formerly called "Sea Level Datum of 14

--a geodetic datum derived from a general
ets of both the United States and Canada,
;29 . n
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HYDROLOGY OF THE MISSISSIPPI RIVER VALLEY ALLUVIAL AQUIFER, SOUTH-CENTRAL

UNITED STATES--A PRELIMINARY ASSESSMENT OF THE REGIONAL FLOW SYSTEM
By D.J. Ackerman
ABSTRACT

The Mississippi River Valley alluvial aquifer is a part of the Mississippi
Embayment aquifer system in the Gulf of Mexico Coastal Plain. The alluvial
aquifer 1is prolific; ground-water withdrawals from it totaled 7,600 cubic feet
per second in 1985, mostly for irrigation of rice, and accounted for nearly 60
percent of all ground-water pumpage in the Gulf Coastal area. The alluvial
aquifer consists of 60 to 140 feet of sand and gravel of Quaternary age,
grading from gravel at the bottom to fine sand near the top, and underlying
32,000 square miles in parts of Arkansas, Illinois, Kentucky, Louisiana,
Mississippi, Missouri, and Tennessee. Throughout most of the area the
alluvial aquifer is overlain by the Mississippi River Valley confining unit--10
to 50 feet of silts, clays, and fine-grained sands. The thickness of the
confining unit is highly variable. The underlying beds consist of alternating
sands and clays of the Mississippi Embayment aquifeer system.

A three-layer finite-difference model was constructed and calibrated to
simulate two-dimensional steady-state regional confined or unconfined flow.
Measurements of head for 1972 and pumpage from wells for 1970 were chosen for a
steady-state calibration. Calibration values of hydrogeologic properties were
achieved by adjusting hydraulic conductivities of each of the three layers (the
confining unit, the alluvial aquifer, and underlying units) and of the riverbed
materials to minimize the root-mean-squared error of observed head and
simulated head for 1972 data. Calibrated values of conductivity are as
follows:

1. hydraulic conductivity of the alluvial aquifer, 300 feet/day,
vertical hydraulic conductivity of the confining unit, 0.0003
feet/day,

3. ratio of vertical hydraulic conductivity to bed thickness for riverbed

materials, 0.05 day_1, and

4, vratio of vertical hydraulic conductivity to bed thickness for
underlying units three times that used by the Mississippi embayment
and Cretaceous and Paleozoic subregional models.

After calibration, the mean difference between simulated and observed
heads was 0.8 feet; 76 percent of 812 observed heads were within 10 feet. The
two areas of greatest difference between observed and simulated values probably
are the result of errors in estimating pumpage distribution and bias from the
steady-state assumption. After calibration of the model of steady-state flow
for 1972, pumpage was removed from the alluvial aquifer and predevelopment flow
was simulated.
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SUMMARY

Pumpage from the Mississippi River Valley alluvial aquifer, that totaled

7,600 ft3/s (1,600 million gallons per day) in 1985, for agricultural and other
uses has caused long-term declines of about 20 to 80 ft in parts of Arkansas
and as much as 20 ft in parts of Mississippi. The pumpage is primarily for the
irrigation of rice and accounts for nearly 60 percent of the pumpage in the
Gulf Coast Regional Aquifer System.

The Mississippi River Valley alluvial aquifer underlies the Mississippi
Alluvial Plain from Cairo, Illinois, to the Gulf of Mexico. In this study,
which covers the area north of the subcrop of the Vicksburg-Jackson confining

unit, the aquifer occurs over about 32,000 mi2. Aquifer materials are the sand
and gravel portion of a sequence of gravel, coarse to fine sand, silts, and
clays that become finer upward in alluvium of Quaternary age. The silts and
clays at the top of the Quaternary alluvium, the Mississippi River Valley
confining unit, nearly everywhere overlies the Mississippi River Valley
alluvial aquifer and confines the aquifer in most places. Underlying the
alluvial aquifer are bedrock units of Paleozoic to Eocene age. The underlying
units are mostly aquifers and confining units of the Mississippi Embayment
aquifer system that consists of alternating beds of sand and clay with some
interbedded silt, lignite, and limestone.

The thickness of the Mississippi River Valley alluvial aquifer generally
ranges from 60 to 140 ft and averages 100 ft. Saturated thickness generally is
equal to thickness of aquifer materials, except in areas where drawdown cones
have developed. The hydraulic conductivity of the alluvial aquifer averages
about 200 ft/d according to aquifer tests.

The thickness of the Mississippi River Valley confining unit 1is highly
variable but averages 30 ft. The confining unit is locally absent but is
generally 10 to 50 ft thick. In one area, the Grand Prairie region of
Arkansas, the confining unit generally is greater than 50 ft thick.

Flow to the Mississippi River Valley alluvial aquifer originates as
recharge from rainfall or as leakage from the confining unit, rivers,
underlying aquifers, and adjacent hydrologic units. The alluvial aquifer
discharges water to wells and by 1leakage to the confining unit, rivers,
underlying aquifers, or adjacent hydrologic units. Other than discharge to
wells, no item of the hydrologic budget has been measured. Previous estimates
of recharge to the top of the alluvial aquifer have varied between =zero and
almost 2 inches/year.

Pumpage from the Mississippi River Valley alluvial aquifer for irrigation
has changed regional flow directions substantially in some areas. Regional
flow generally follows the slope of land surface (southward and toward the
rivers along the axes of the river basins) except where flow is toward
depressions in the potentiometric surface caused by large irrigation pumpage.
Two areas of long-term depressions in the potentiometric surface are the Grand
Prairie region and the area west of Crowleys Ridge in Arkansas.

The available data and the concepts of flow in the Mississippi River
Valley alluvial aquifer were used to construct a digital model of steady-state
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After calibration of the model of steady-state flow for 1972, pumpage was
removed from the alluvial aquifer and predevelopment flow was simulated. The
amount and distribution of flux to and from the aquifer was examined and
contrasted. Due to the proximity of the subcrop of the Cretaceous and
Paleozoic rock units to rivers the model results were insensitive to flux from
underlying units in the Cretaceous and Paleozoic subcrop.

Preliminary analysis indicates that recharge was from underlying aquifers
and the Mississippi River Valley confining unit for predevelopment flow. Net
flux from underlying aquifers in the area underlain by the Mississippi Embay-
ment aquifer system and net flux from the confining unit were about equal.
About 60 percent of flux from underlying aquifers represented leakage from the
upper Claiborne aquifer. Nearly all river reaches were gaining flow from the
alluvial aquifer and accounted for almost all discharge before pumpage was
initiated.

Well pumpage in 1972 and changes in underlying aquifer heads gave rise to
a quite different flow system from the predevelopment simulation. Recharge
from the Mississippi River Valley confining unit increased and recharge from
the underlying aquifers was decreased. Discharge to underlying aquifers
increased.

In the area underlain by the Mississippi Embayment aquifer system net flux
from the confining unit was double that from underlying aquifers. About 35
percent of flux from underlying aquifers represented leakage from the upper
Claiborne aquifer. Recharge from the confining unit averaged about 0.8 inch/
year for the whole model area but was at a maximum of 1.3 inch/year for large
parts of the alluvial aquifer. Large sections of the Arkansas, lower White,
lower Cache, and lower Mississippi Rivers and smaller sections of other rivers
were losing streams in 1972,

The changes in the budget of the flow system expressed as a percentage of
1972 pumpage are as follows: (1) decrease in discharge to rivers (60 percent),
(2) increase in recharge from rivers (30 percent), (3) increase in recharge
from the confining unit (25 percent), (4) increase in discharge to underlying
aquifers (10 percent), and (5) decrease in recharge from underlying aquifers
(10 percent).

Long-term drawdown in the Mississippi River Valley alluvial aquifer was
estimated by comparing observed 1972 head data and simulated predevelopment
data. Nearly all drawdown greater than 20 feet was found at two locations in
Arkansas, the Grand Prairie region and the area west of Crowleys Ridge. In
these areas the combination of heavy pumpage and limited ability of the aquifer
to adjust to pumpage by increasing recharge have resulted in long-term declines
in water levels. The model results indicate the importance of leakage from
both rivers and the Mississippi River Valley confining unit to providing
recharge to sustain the large amounts of pumpage from the Mississippi River
Valley alluvial aquifer.
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